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APD NoiseAPD Noise
�� Noise spectral densityNoise spectral density
�� Excess noise factorExcess noise factor
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Motivation Motivation ––

Gain
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••ThinThin--multiplicationmultiplication--region region APDsAPDs

F=700kV/cmF=700kV/cm

F=400kV/cmF=400kV/cm

�� Low noise achieved Low noise achieved 
-- ““dead spacedead space”” effecteffect

�� Tunneling limitationTunneling limitation

C. K. C. K. Chia Chia et. al. , J. et. al. , J. ApplAppl. Phys. vol. 84, no. 8, 1998. Phys. vol. 84, no. 8, 1998

�� Strong Ionization near the Strong Ionization near the 
edge of thin multiplicationedge of thin multiplication--
region region APDsAPDs

••ModeledModeled positionposition--dependent dependent α, βα, βα, βα, βα, βα, βα, βα, β
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ImpactImpact--Ionization Engineered Ionization Engineered APDsAPDs

GaAsGaAs
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Device Structure Device Structure –– TwinTwin--wellwell

spacer  10nmspacer  10nm
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separation layerseparation layer
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Typical ITypical I--V/Gain CurvesV/Gain Curves

Bias Voltage (V)Bias Voltage (V)
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Avalanche Photodiode Noise Avalanche Photodiode Noise 

kkeeffff == αααααααα////////ββββββββ RRaattiioo ooff tthhee iioonniizzaattiioonn ccooeeffffiicciieennttss

PPIINN SShhoott NNooiissee

φφφφφφφφ ======== 22222222qqΙΙΙΙΙΙΙΙpphh RR((ωωωωωωωω)) MM22222222 FF((MM))
FF((MM))== kkeeffff MM ++ 22--11//MM ((11-- kkeeffff ))



The University of Texas   Microelectronics Research Center   Photonics Group

Approved for public release, distribution unlimited

TwinTwin--well: variation on layerswell: variation on layers

Gain M
2 4 6 8 10 12 14 16 18 20

Ex
ce

ss
 N

oi
se

 F
ac

to
r F

(M
)

1

2

3

4

5

6

7

30-85-30 
50-85-50
60-85-60 

k=0

k=0.14

k=0.3

Separation layersSeparation layers Multiplication layersMultiplication layers

Gain M
2 4 6 8 10 12 14 16 18 20

Ex
ce

ss
 N

oi
se

 F
ac

to
r F

(M
)

1

2

3

4

5

6
50-60-50
 50-85-50
50-100-50

k=0.3

k=0.2

k=0



The University of Texas   Microelectronics Research Center   Photonics Group

Approved for public release, distribution unlimited

Dopant Dopant Diffusion Diffusion -- SIMSSIMS
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SingleSingle--well Structureswell Structures
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SingleSingle--well withwell with DopantDopant Diffusion OffsetDiffusion Offset
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Gain MGain M
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AlAl0.20.2GaGa0.80.8As/InAs/In0.530.53GaGa0.470.47As WaferAs Wafer--Bonded Bonded APDsAPDs

Bias Voltage (V)Bias Voltage (V)
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Si Si NMOS ReceiverNMOS Receiver

Bipolar (non UT)Bipolar (non UT)

MOS (non UT)MOS (non UT)
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Si Nanostructures Si Nanostructures on on Si PINsSi PINs

Without Without nanostructuresnanostructures

With With nanostructuresnanostructures
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Si Si NMOS ReceiverNMOS Receiver
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